I t may be seen from this th at the observed values of ax are very close to those interpolated from the series of even esters and, at least for amyl stearate, there is no contrast between the behaviour of an odd ester and its two even neighbours. Amyl stearate was chosen because its length was in the range where Sillars had shown th at Tm ax was sens accordingly any marked alternation effect was likely to be pronounced. Since no unusual behaviour was observed, it was felt th at the time and labour involved in further experiments with other odd esters was scarcely justifiable at present. In a previous paper (Harris and Egerton 1938), the explosion of diethyl peroxide has been studied, and the limit of pressure at various temperatures at which the transition from unimolecular to explosive reaction takes place has been determined in various vessels. In the former work the influence of gases of high conductivity such as helium was not found to be as great in raising the critical pressure as might be expected, but apart from this it has been possible to fit both the older and a fresh series of results to the equations derived for a purely thermal explosion. The behaviour of the peroxide is compared with that of other compounds which show a similar transition to the explosive mode of decomposition, e.g. azomethane and ethyl azide.
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In a previous paper (Harris and Egerton 1938) , the explosion of diethyl peroxide has been studied, and the limit of pressure at various temperatures at which the transition from unimolecular to explosive reaction takes place has been determined in various vessels. In the former work the influence of gases of high conductivity such as helium was not found to be as great in raising the critical pressure as might be expected, but apart from this it has been possible to fit both the older and a fresh series of results to the equations derived for a purely thermal explosion. The behaviour of the peroxide is compared with that of other compounds which show a similar transition to the explosive mode of decomposition, e.g. azomethane and ethyl azide.
E xperimental
The apparatus, consisting of a filling reservoir, fitted with a manometer, and a decomposition vessel heated in a vapour bath, has been illustrated previously (Harris and Egerton 1938, figure 1). The explosion was observed visually, when necessary in a darkened room. The logarithm of the pressure when plotted against the reciprocal of the absolute temperature falls on a straight line whose position is determined by the radius, the slope being common to all. In what follows it will be seen that it is of more significance to plot logp/T3, and this is shown in figure 1 .
Results

Cylindrical vessels
The different value of E found in the previous paper, when a long tube was used, may be explained by the decomposition which takes place as the peroxide enters the tube, particularly as the inlet was a fine capillary. If a correction be applied on the basis of 0-4 sec. filling time the points relating to the temperatures 197-225° fall on a line nearly parallel to those for the other vessels. 
Calculation of the explosion pressure
The conditions for a thermal explosion to take place have been given in a simplified form by Semenoff (1935) , and by Allen and Rice (1935). The relation was obtained by equating the heat loss with the heat gain and in addition their differentials with respect to temperature. Frank-Kamenetzky (1939) 
used the relation X V 2T = -A Q z e
The sign V2 is operator, using his transformation
the equation for a spherical vessel becomes
and for an infinite cylinder
The significance of the symbols used are as follows: Q, heat of reaction per mole; X , conductivity; A , number of moles per c.c.; E, energy of activation per mole; T0, wall and initial temperature; T, temperature a t distance r. A may be expressed as pressure,
For the limiting explosive condition, = 0 at = (vessel radius) and 0 = 1 a t r -0. By numerical integration of V2#, the limiting value of the product Q z e~eirt0 E p 273 \ ----R T * T 6 2 24 00/ ** was ^oun(^ be 3-82 for a sphere and 1*91 for an infinite cylinder, as compared with 3-32 and 2*0 found by FrankKamenetzky. If allowance is to be made for the decomposition which has taken place during the induction period (r), a further factor (1 -Ict) is needed, no great error being introduced by using the k corresponding to the initial temperature.
The following deductions may be made: (a) the product of the critical pressure and the square of the radius at a given temperature will be constant provided k does not vary with pressure; (6) the product pk/T% is constant for a given radius, and as k -ze~EIRTo this is equivalent to
neglect of the factor (1 -kr) will make the fine (log p /(l/T z)) pass below the experimental points a t higher temperatures. From the curves in figure 1 the ratio between the critical pressures in the spherical vessels is 3-47, the ratio of the squares of the radii is 3*65. The results of Allen and Rice (1935) for azomethane show th at for spheres having r2/r1 = 2-52 the ratio of the products P ik jp 2k2 is about 2*56. Simi larly, from the paper of Campbell and Rice (1935) using the same reaction vessels, the ratio P ik jp 2k2 for ethyl azide is about 2*25. Owing to lack of data it is not possible to estimate the k for the pressure used with exactitude. These authors related the critical pressure with the surface/volume ratio, i.e. with the inverse of the radius instead of the inverse square, and explained the lack of agreement which resulted as being due to changes in the con ductivity.
The slope of the lines in figure 1 leads to a value of of 28-3 kcal. which compares well with the experimental value found by kinetic measurements 3T6 kcal. For dipropyl peroxide the corresponding figures are 34-2 from explosion data and 36-8 from kinetics. Rice and his co-workers have shown agreement for the activation energies of the azo-compounds, determined similarly.
In order to apply the equation to data obtained in cylindrical vessels it is necessary to find the value of the integral for the limiting condition. This is conveniently done by treating the cylinder as a sphere of radius r and a length of " infinite" cylinder and taking a mean as follows: if L is the length of the cylinder, ( L -2 r ) is the operative length of " infinite" cylind \ 2 r I T92 is the contribution from this, and ^-3*82 is the contribution from the sphere; adding these, the figure for the finite cylinder is obtained. In the table below the theoretical value of the product Qk E 2 273 X P P 37 6 ?2 2,400
is compared with the experimental value. The latter is always lower than the former, but the ratio remains constant, showing th at the treatm ent of a cylinder in the manner described is justified: The results relating to the T55 cm. cylinder show a rather higher critical pressure and value of P, but in this case the peroxide had not been so completely purified.
If a value of 30,000 cal. be used for the heat of decomposition of ethyl azide and for azomethane, the value of the product P can be obtained from the data in the papers cited. It comes to 5-84 for azomethane in the 200 c.c. spherical bulb and 5-94 in the 50 c.c. spherical bulb, the corresponding figures for the azide being 4-9 and 4-0. If a lower value of Q be used, as seems to be indicated by application of Todes's formula (see p. 260), the agreement with theory will be closer.
The heat of decomposition
The calculation of the condition for explosion involves the heat of the slow decomposition reaction which precedes explosion. The value used by Neumann and Tutakin (1938) was obtained from the indicator diagram of the explosion which has a different heat value. Accordingly, the heat of combustion, determined in this laboratory by Dr Stathis, was used to calculate the heat of formation and the heat of decomposition.
The heat of combustion was 7150 cal./g. (liquid). This corresponds to a value of 651 kcal./mol. of gas, allowing 7-5 kcal./mol. as the latent heat of evaporation. (The value of L found by Blat, Gerber and Neumann (1939) was 7*3 kcal.) The heat of formation is then 68*5 kcal., and using the data given by Harris and Egerton (1938) in table 3 concerning the decomposition products from 17-4 mol. of peroxide which are given as 3*9 mol. HCHO, 6*9 mol. CH3CHO, 14-2 mol. C2H5OH, 9*8 mol. CO, 1-1 mol. H 2, 5-9 mol. CH4, and 3-9 mol. C2H 6, the heat of decomposition of 1 mol. of peroxide to the corresponding fractions of a mol. of product comes to 30 kcal., which incidently is nearly equal to the activation energy.
The heat evolved in the explosive reaction (C2H50 )2->2HCH0 + C2H 6 is much less, being only 10 kcal.
The addition of inert gases
The influence of added gases has been further studied, and if the con ductivity of the added gas is low (e.g. nitrogen and carbon dioxide) a small diminution in the critical pressure is found to occur. At 234° the critical pressure was 13*9mm. with no N2, 12-8mm. with 109mm. N2, 11*55mm. with 200 mm. N2, and rose to 13*3 mm. with 328 mm. N2. This effect is similar to th at noticed by Gubiansky when studying the inflammation of ether-oxygen mixtures. I t may indicate a certain proportion of chains in the decomposition which leads up to explosion, or may merely be due to activation of the peroxide by nitrogen! Neumann and Tutakin (1938) state th at the rate of slow decomposition is accelerated by nitrogen, but this was not found by Harris and Egerton (1938) .
The conductivity of the peroxide will probably be of the same order as that of ethyl acetate (0*000057 cal./cm. deg. sec.), th at of nitrogen is 0*00007, and hydrogen and helium possess very similar conductivities, about 0*0004. If mixtures of peroxide and hydrogen (or helium) follow the same law relating composition and conductivity as hold for mixtures of hydrogen and oxygen, which are given in Landolt-Bornstein's Tables, estimates of the conductivity of mixtures used may be made. In the table below the conductivity and the ratio of the conductivities are set out, together with the ratio of the critical pressures found experimentally. A set of figures based on Allen, Campbell and Rice's results is included. The increase in critical pressure is evidently only about half the increase in conductivity, which is not in accord with the theoretical equation. However, the question of the possibility of energy transfer arises. If the activated products of the slow reaction cannot pass on energy to the hydrogen, but only to the peroxide, then clearly the hydrogen will not have any influence. From the above results it would appear th at only a third to a half of the total number of collisions between hydrogen and active products result in transfer of energy.
The induction period of the explosion
Approximate solutions of the differential equations relating the time to attain the maximum temperature with the reaction velocity have been given by Rice, Allen and Campbell (1935) and Todes (1936) . The equation = the explosion of diethyl peroxide by Neumann and Tutakin (1938) , who concluded th at the explosion was not thermal in origin because the cal culated delay t was 0*2 sec at 210° and their experimental result was 0-4 sec. The equation applied to the present results leads to good agreement between calculated and experimental values. C is the mean molar heat capacity and was taken as 46 kcal., this being obtained by multiplying the specific heat of diethyl ether by the molecular weight of the peroxide. The value of Q/C required to co-ordinate the calculated results for azomethane and ethyl azide with the experimental values of the explosion (E/RT) + 2 (E /R T )n Q jC T j obtained by Todes (1936) was applied to delay found by Rice etal., is very much lower than the value estimated from their own equation, being of the order of 300 compared with 1500.
